If we search for factors of (disease) resistance. they are legion; if we search for factors of susceptibility. our search is narrowed down to certain varieties of a few. very closely related species of plants. and to the diff erences between closely related varieties.
INTRODUCTION
The susceptibility of plants to disease as summarized in the above quotation of Chester (27) applies also to animal pathology. Most plants and animals are indeed unfavorable environments for most parasites or potential pathogens. Their mecha nisms for resisting parasites are so varied that their general resistance to disease is not surprising. Plant varieties or lines within a species can be inbred to a nearly isogenic condition and selected for essentially single-gene differences for susceptibil ity to certain diseases, t�ereby narrowing the search for mechanisms of disease susceptibility (43, 75, 103) ; similar selection of animal populations is more difficult.
Microbial parasites may express characteristics of pathogenicity before they become established in a host. All the same, a pathogen usually must grow in or on a host for disease to result; that is especially true for plants. Thus, the growth of a pathogen is a key in disease development, and any circumstance that inhibits its growth is a limiting factor. Hence, what we are concerned about here is the compati bility of host and parasite and, more specifically, any role that antigen sharing might play in host-parasite compatibility. Although plants and animals differ greatly in their defenses against disease, antigen sharing as a limiting factor in disease develop ment may be a phenomenon with both plants and animals.
ANTIGEN SHARING BETWEEN MICROBES AND THEIR ANIMAL HOSTS
The possible role of autoimmunity in the pathogenesis of diseases has not been clearly defined, particularly as it is affected by the sharing of antigens between parasite and host. The infecting organisms may contain a heterophile antigenic determinant similar to some component of the host; thus the host can produce antibodies that cross-react with its own tissues. One of the earliest examples of this phenomenon is found in a study of Brokmann et al (17) , who observed a comple ment-fixation reaction with heart in sera of patients with rheumatic heart disease. Damian's complete review (33) of parasite-host relationships in 1964 placed major emphasis on the antigens common to host cells and helminths.
The present review discusses the sharing of antigens between host and parasites in the production of autoimmunelike reactions.
Mycoplasma
Mycoplasma are unique among microorganisms in inducing antitissue antibodies in the infected host. In 1943, Thomas et al (132) used convalescent sera in complement fixation (CF) tests with sera from patients with active atypical pneumonia. Antigen was prepared fr om the lungs of mice infected with a number of pneumonia viruses. Titers were highest against the lungs of mice infected with virus, but serologic responses were directed also against normal lung tissue. Two of the patients, whose sera were tested against human lung, showed an increase in titer from 1:8 in the acute phase of the disease to 1 :32 in convalescence. An unusual observation was that antigens prepared fr om liver, spleen, kidney, and beef heart antigens also reacted in the tests. That work was done before mycoplasma had been found to be the cause of atypical pneumonia.
Hemagglutinins for human erythrocytes associated with My coplasma pneumo niae infection could be the result of autoimmunogenicity of altered cells, as sug gested by Smith et al (125) . Faizi (5 1) applied the direct Coombs test, using sera of patients with acute respiratory infection, and demonstrated the cause to be M pneumoniae, not respiratory viruses. He also showed that the cold agglutinin titer increased in a large number of patients with M pneumoniae infection and proposed that this organism caused an immune hemolytic disorder, although he pointed out that an anemia was not necessarily part of the process. More pointed evidence was offered by Maisel et al (84) on the relationship between high levels of cold agglutinins and hemolytic anemia due to M pneumoniae. Cold-agglutinin hemolytic anemia was demonstrated in a fa tal case, and M pneumoniae was isolated from the lymph nodes and from lung tissue.
My coplasma mycoides was shown by Shifrine & Gourlay (121) to induce anti lung antibodies. Shifrine & Moulton (122) suggested that these antibodies attach to sites in the lungs and cause tissue damage; they postulated that M mycoides attaches to the site in the lung that contains antibody. Convincing support of their hypothesis is fo und in a study of Provost (101) in which cattle that received hyperimmune serum against M mycoides intravenously two days before aerosol exposure to M mycoides developed severe bovine pleuropneumonia within a week, whereas control cattle receiving normal serum developed disease after two months. He also demon strated antilung components in M mycoides antiserum (l00).
An interesting phenomenon occurred in calves vaccinated with the attenuated V -5 strain of M mycoides: they developed heart and joint lesions associated with rising CF titers against the organism (133, 135) . Calves may develop bacteremia when vaccinated with this strain of M mycoides. Joint lesions can follow septicemia, and it is conceivable that both heart and joint lesions follow a pattern similar to the lung damage described by Shifr ine & Gourlay (121).
Roberts & Little (102) demonstrated an autoimmune response associated with porcine enzootic pneumonia, using a lung extract as antigen for CF tests. In paired tests with 400 porcine blood samples, they fo und heat-labile antibodies directed against both My coplasma hyopneumoniae and lung, convincing evidence that en zootic pneumonia produced by this My coplasma was the result of an autoimmune response.
Adler et al (3) demonstrated warm and cold hemagglutinins following intrave nous inoculation of chickens with My coplasma gall isepticum. The warm agglutinins were of low titer when random inbred lines of chickens were infected and their red blood cells were used for the hemagglutination test. In an experiment (4) with rabbit red blood cells, the hemagglutination was manyfold higher. Mycoplasma-induced airsac disease was prevented by prior intravenous inj ection of the chickens with rabbit red blood cells. The erythrocytes, therefore, may have induced reactivity to antigens shared with the mycoplasma membrane, since hetero-, iso-, and autohe magglutinins are elicited by intravenous inoculation of the organism into chickens. Other evidence that may be relevant is that vascular brain damage from intravenous inoculation of M galliseptic um in turkeys was associated with the development of agglutinins (32) . Intravenous inoculation of chickens (34) was followed also by the development of heart and joint lesions during the rise of antibody titer.
Cahill et al (19) described how the heterogenic antigenic relationship between rat tissues and My coplasma arthritidis may provide a mechanism for the production of joint disease. They used three procedures to demonstrate the heterogenic com-ponent(s) · common to rat tissues and M arthritidis: complement fixation, im munofluorescence, and agar gel double diffusion. All tests revealed antigenic components common to the organism and the muscle. The heterogenic antigen was found in greatest frequency in cardiac and voluntary muscle tissues. Cross-reactions to rat muscle were also encountered with a number of other My coplasma. The workers found also that rabbit anti-M arthritidis serum cross-reacted with mouse and hamster muscle. These latter cross-reactions raise the question of whether disease from M arthritidis is promoted by biological mimicry. Using mice tolerant to rat lymphocytes, Cahill et al (19) did provide evidence countering the above suspicion that mimicry by tissue of the host has a role in disease from this My co plasma. Their immunologically tolerant mice were very susceptible to M arthritidis.
Bacteria
A symposium on The Strepto co ccus, Rheumatic Fever and Glomerulonephritis, held in 1962 (136) , provides a critical and authoritative review of what was known of the poststreptococcal disease syndrome at that time. Zabriskie (146) provided a detailed account of biological relations between streptococci and tissues. He demonstrated how cross-reactions of various tissues and group A streptococci may enhance pa thogenicity. Zabriskie cited earlier studies indicating that the sarcolemma complex was the area of streptococcal antibody reaction. Later studies by Zabriskie (147) demonstrated four protein antigens in common between group A streptococci and cardiac tissue. Goldstein et al (56) showed cross-reactive antigens between valvular glycoprotein fractions and a specific polysaccharide of group A streptococci. Fluo rescein-labeled antisera for the polysaccharide did not react with the other strep tococci. These workers suggested that autoantibodies in response to the specific polysaccharide of the group A streptococci may play a part in rheumatic heart disease.
Kaplan and colleagues (67) (68) (69) , in a series of experiments, demonstrated cross reactive antibody to heart antigens in the serum of rheumatic patients with strep tococcal infection. Kaplan summarized these findings in 1965 (66) . Those studies were based on serologic techniques including immunofluorescence and immunoelec trophoresis. To be certain of the specifi city of the reactions, he absorbed the im munofluorescent antibody with streptococcal antigen and found that the mixture inhibited the staining reaction with heart muscle. When there was marked heart damage from other causes, the antistreptococcal serum reaction to heart was not affected by absorption with the streptococcal antigen. In screening some 72 patients with streptococcal infections, including cases not involving the heart, Kaplan found that recent complicated streptococcal infections resulted in streptococcal cross reactive antibody in 24% of the cases. In acute rheumatic fever and in active rheumatic heart disease, Kaplan (66) found an incidence of 55-58% streptococcal cross-reactive antibody to heart. He observed that 60% of the patients with acute glomerulonephritis also had streptococcal cross-reactive antibody to kidney which suggests an autoimmune disease of streptococcal antigen origin. These findings support the hypothesis that reheumatic heart disease and glomerulonephritis result from exposure to an extrinsic antigen of the group A streptococcus that has anti-genic components in common with heart and kidney tissues. One other point has less clear-cut implications as to the role of intact streptococcal antigens in the etiology of these diseases. Some consideration should be given to the possibility that L forms of streptococci, composed mainly of membrane substances and lacking most cell wall components, could have a role in rheumatic heart disease. Sharp (120) discussed this possibility but pointed out that f, treptococcal L forms have not been isolated from patients with acute rheumatic fever. He suggested that the failures might have been because of the unavailability of fresh tissue. L forms of bacteria are very susceptible to osmotic shock. If the tissues were slightly dehydrated, the chance of isolating L forms would be remote. Sharp cited other studies showing that L forms of streptococci can survive and reproduce in peritoneal exudates in mice and that the L forms had the M protein of the parent organisms.
Although it is tempting to attribute heart damage to antibodies reacting with group A streptococci, numerous gaps in the literature prevent the evidence from being definitive. Nakhla & Glynn (89) found no difference in heart cross-reacting antigen of streptococci between patients with rheumatic fever and infected patients with no heart damage. Cardiac damage did not develop in rabbits and guinea pigs hyperimmunized to streptococci.
The bacteriological literature on antigenic mimicry between enteric organisms and body tissues contains information on common antigens. The first paper on this subject was apparently Rothacker's (106) report that Salmonella schottmuelleri contained such a heterogenic antigen. Holtman (63) grew the organisms in a col lodian sac in the peritoneal cavity of a guinea pig and demonstrated their content of guinea pig-related antigens after 50 passages in vitro in a serum-free medium. Some earlier studies are open to question because the organisms containing antigens similar to the tissues of the animal that they have infected could have acquired them from the medium in which the organisms were propagated. Convincing evidence for antigenic relations between tissue and enteric organisms was provided by Shorb & Bailey (123) , who examined 187 strains of bacteria for Forssman Antigen. They grew the bacteria in a medium con taining beef enrichment with no serum, an environment that lacked heterophile antigen. Thus no antigenic components were obtained from the medium, yet they found tissue antigens in common with intestinal organisms. Springer et al (128) studied antigenic relations among 282 aerobic gram negative organisms and human blood group substances A, B, and H(O). About half of the enteric bacteria possessed blood-group antigens. They found that the blood group activity was not limited to any species of the gram-negative bacteria. The workers discussed the role of their findings in the developwent of human anti-A and anti-B isoantibodies and the role in disease processes of these cross-reactive antigens between organisms and host cells. Much of the evidence is circumstantial because it is sometimes difficult to distinguish between host antigens and components of the invading organisms.
Rowley & Jenkin (108) proposed an interesting theory regarding species-deter mined antibacterial resistance. They suggested that the unusual susceptibility of mice to Salmonella typhimurium resulted from common antigens between the infecting organism and the tissues of the mouse, and that the serum of the mouse did not contain natural antibodies to the bacillus. They advanced the theory that absence of the protective antibody was caused by cross-reactivity of the bacterium and tissue self-antigens, preventing the host from forming antibody to the surface constituents of the bacterial cells. Whether or not that theory is eventually substan tiated, the chemical basis of Salmonella virulence in a given host is likely to prove to be intimately related to the ectochemistry of the organism.
A representative disease that may be related to autoallergy is ulcerative colitis, a chronic infl ammatory disease of the lower colon. The lamina propria of the gut wall is usually infi ltrated with plasma cells, lymphocytes, and eosinophils. The plasma cells and the lymphocytes are capable of an immune reaction. With the damaged gut tissues the body may not accept these areas as being self, although it is difficult to make a case specifi cally for bacteria as the immunogen, since protozoa and various food immunogens have been incriminated in this process. There is evidence, however, that lipopolysaccharide extracts of Escherichia coli can inhibit agglutination of red cells coated with colonic extract (97) . Several different strains of E. coli can similarly absorb the autoantibodies from the sera in cases of ulcerative colitis; thus an antigen common to many strains of E. coli may be involved in inducing ulcerative colitis, through related antigens between the host and the invad ing organisms. As is seen with mycoplasma, the host-specifi c organism induces antibody less readily in the adapted host than in an unadapted host. Drach et al (45) , in an extensive experiment with E. coli 014 and E. coli 086, found that normal group-H(O) and group-B human subjects and blood-group-B patients with urinary tract infection had the E. coli 014 A-like antigen and therefore were less resistant to the infection. One wonders whether the tolerant state has a role in the occurrence of this disease. It should be interesting to learn what Drach and colleagues find in their continuing studies of antigen-antibody interaction and the ability of a patient to react to gram-negative infections.
Fixa et al (52) provided no positive evidence concerning the mechanism of disease resulting from cross-reactivity between antigens of E. coli and the gastric parietal cells in man. They proposed that artrophic gastritis on the basis of autoimmuniza tion may result from microtrauma and release of antigen from the parietal cells of the gastric mucosa, which leads to hypersensitivity and an autoimmune lesion. They cited other work indicating that the incidence of parietal cell antibodies ranged from 50 to 90% in patients with pernicious anemia, and about 50% in patients with atrophic gastritis. Whether E. coli shared antigens with those cells was not made clear.
A disease of animals that has many characteristics of rheumatoid arthritis in man occurs in the pig and is caused by Erysipelo thrix insidiosa infection. In this disease, there are hypertrophied synovial villi infiltrated with dense collections of lym phocytes, plasma cells, a few polymorphonuclear leukocytes and mononuclear cells, and proliferating vascular elements. Using fl uorescent techniques, Sikes et al (124) demonstrated antibody attached to the plasma cells and lymphocytes. Similarly, intense fl uorescence of the same cells has been reported in humans with rheumatoid arthritis. In natural arthritis infection with E. insidiosa, the incidence is much higher in animals previously immunized than among unimmunized animals (53, 90) . The relationship of the organism to the tissue antigens has not been established, although the sensitizing phenomenon is probably not involved in inducing this disease since it progresses after the organism is no longer present.
Systemic infection with E. insidiosa can follow the same pattern in humans as in pigs, with the same ensuing infective arthritis and endocardititis (61) . The skin lesion, the site of infection, is usually healed before the heart and joint pathology become manifest. This suggests that an immune mechanism may induce these disease syndromes.
There is a possibility that autoantibodies have a role in the pathogenesis of syphilis (61) . Cardiovascular syphilis usually lags at least five years behind the primary infection. Treponema pallidum has common antigens with heart, as evidenced by reaginic tests that use the lipid extract of heart tissue. A strong case for syphilis as an autoimmune disease is difficult to make since many infections of diverse etiology induce false reactions in the complement-fi xation test with the cardiolipin antigen. The possibility does exist for autoimmunity when one considers the slow develop ment of the lesions, allowing ample time for immune mechanisms to develop.
Protozoa
The large size of parasites such as helminths suggests that these organisms would easily provide a source of antigens for analysis. At the same time this situation increases the difficulties of relating the antigens of parasite to host. For a direct approach to the problem, we have chosen a one-celled parasite as the fi rst example of an antigenic relationship between host and parasite. Shaper et al (118) studied malarial antibodies and autoantibodies to heart of people in Uganda. They found a significant relation between high titers of malarial antibody and the incidence of rheumatoid factor and antibodies to heart. The unusual aspect of their findings was that the syndrome was most common in Rwandan emigrants from areas of low malarial endemicity into an environment of high malarial epidemics. The immuno logical disease was observed in low frequency among the peoples indigenous to the high malarial epidemic areas. Those workers also observed antibody directed against thyroid and parietal cells. They considered such autoantibodies to be nonspecifi c and raised the question about the role of the antibody in disease, although they suggested that an immunologic background to malaria may condition individuals for induction of the disease.
Other parasitic agents with a vast array of antigens common to the host have been thoroughly reviewed by Damian (33) , as mentioned. He introduced a new term, eclipsed antigen, for antigens common to host and parasite; his examples were from the fi eld of helminthology.
Helminths
Most recent studies of molecular mimicry, conducted with Echinococcus granulosus, deserve comment. Earlier studies by Cameron & Stavely (20) revealed blood group P substances in hydatid fl uid. Smyth (127) studied these blood group components in vitro and found by histochemical techniques that cysts derived from protoscoleces propagated in a monophasic medium secreted them. He cited studies of Korc et al (78) demonstrating that the hydatid cyst coat had components in common with human P blood substances.
ROLE OF AGGLUTININS (LECTINS) IN HOST-PARASITE INTERACTIONS
Common antigen relationships between animal hosts and parasites frequently in volve antigens associated with erythrocytes (28, 33, 108, III, 126) . The properties of the common antigens are largely unknown but it appears possible that antigenic similarities between blood group substances and blood cell agglutinins (lectins) of microbial parasites may account in some cases for the serological likeness of host and parasite. Lectins are common to plants and animals as well as to some fungi and bacteria (13, 109, 110, 130, 131) . Several comprehensive reviews on the occur rence and propeities of lectins have recently appeared (16, 29, 119) . It has been suggested that since certain saccharides that react with plant host-specifi c lectins are constituents of both bacterial and fungal cell walls (9, 129) , lectins may play a role as determinants of host-parasite specificity (38) .
In vertebrate animals a type of immunological unresponsiveness or tolerance may occur because of the antigenic similarity of blood group substances of the host with cell wall antigens or leetins of the parasite (28, 33, 126) . In contrast to vertebrates, in which immunoglobulins are necessary for specificity in immunity, primitive animals such as invertebrates must rely on the activity of nonimmunoglobulin molecules for specifi city in immunity. These non immunoglobulins include aggluti nins that function as defense mechanisms against potential pathogens (31) . For example, the lack of a serum agglutinin in lobster (Homarus americanus) against the pathogenic bacterium Gaffkya homari may permit the growth of this pathogen and resultant pathogenicity in the host; however, bacteria and other pathogenic organisms that are susceptible to agglutination by serum agglutinins apparently do not become established in the host (31) . Such an immune system may also be visualized in plants, however; recent evidence indicates a role for lectins as recogni tion factors in compatible associations of plant host and parasite (15, 36, 73) .
In studies on Fusar ium species (73), macroconidia of F. roseum "avenaceum" and F. so/ani f. sp. phaeoli differ in surface receptor sites for lectins sueh as con canavalin A (Con A), wheat germ agglutinin (WGA), and ricin. Conidia of both fungi were most reactive with Con A, whereas receptors for WGA and ricin were not detectable without prior treatment of conidida with trypsin. Trypsin-treated conidia of F. roseum were reactive with ricin but had few receptors for Con A and WGA. In contrast, trypsin-treated conidia of F. solani had massive quantities of WGA and moderate amounts of Con A and ricin receptors. It was hypothesized (73) "that host-specifi city depends on cellular recognition and compatibility based on carbohydrate-containing surface antigens as the participative complementary mole cules." This hypothesis would have been better supported if agglutinins from roots or other parts of plants attacked by these fungal parasites had been used rather than Con A, WGA, or ricin.
In this regard, a more convincing role for lectins in host-parasite specificity was found in host-parasite systems involving legumes and bacterial isolates of Rhizobium species (15, 36) . Soybean lectin isolated from seeds and roots was labeled with fl uorescein isothiocyanate and then tested for agglutinin activity with strains of the soybean nodulating bacterium, Rhizobium japon ic um. The lectin combined specifi cally with all but three of 2S strains of R. japonicum used. Twenty-three other isolates of Rhizobium that do not nodulate soybeans were not agglutinated by the soybean lectin. The suggestion was made (IS) that an interaction between rhizobia and lectins of the host plant may account for the specificity among bacterial strains in the initiation of nitrogen-fixing symbiosis. This concept has been greatly strength ened by the work by Dazzo & Hubbell (36) , who found a dynamic interaction of a lectin from white clover (Trifolium repens) with cross-reactive antigens on root hairs of white clover and R. trifolil: These cross-reactive or common antigens (CA) and lectin represent a highly specific recognition system between white clover roots and infective (nodulating) bacteria. The CA between clover roots and R. trif olii were In primitive animals (31, 95) , the presence of agglutinins for various microorgan isms constitutes a defense mechanism against disease in the host, which contrasts with the legume-Rhizobium systems (15, 36) .
ANTIGEN SHARING BETWEEN PLANT HOSTS AND PARASITES
During the past 15 years, a surge of interest has developed in the chemistry and structure of cell surfaces in view of the roles of glycomacromolecules in self-recogni tion, as virus receptors, in membrane transport, in host-parasite compatibility, and in other specific cell-to-cell interactions involved in contact stimuli and information transfer systems (30, 91, 94, 119) . The analogies and striking similarities of cell surface characteristics in animals, plants and microorganisms in regard to structural components, antigenic determinants, and various functional characteristics have been repeatedly emphasized (8, 30, 54) .
The complexity of the interactions that affect the selection of parasites and allow for their establishment and survival among host cells is manifest in the frequency and variability of cell surface antigens (IS, 36, 46, 47, 82, 94) . ble significance also has been indicated in cell-to-cell relationships in plant pollina tion (76) . It thus appears likely that common antigenic substances underlie compati bility of host and parasite (23, 24, 38, 40, 43, 49, 87, 143) .
Bacteria
In reference to the parasitism of nitrogen-fixing bacteria in legume hosts, cross reactive antigens were found among eight legumes and three species of Rhizobium (24) . No correlation was evident, however, between the numbers of common anti gens (precipitin bands in agar-gel tests) among legumes and the host specificity of the nodulating bacteria. In other comparisons between Rhizobium species and eight nonleguminous plants in six different genera, no cross-reactive antigens were de tected. When extracellular polysaccharides of five strains of Rhizobium trij olii were compared (46) they contained the same proportions of glucose, galactose, glucu ronic acid, and slightly different amounts of acetyl and pyruvic acid; they were weakly cross-reactive but strongly reactive with homologous antiserums in agar-gel double-diffusion tests and with antiserum to Diplococcus pn eumoniae type 27 (Pn 27). Removal of pyruvate by mild acid treatment of the polysaccharide of R. trijoli i, strain TA 1, abolished serological reactivity with antiserums to TAl and Pn 27. Removal of acetyl from the polysaccharide by mild alkali treatment caused a loss of reactivity with antiserum to TA l but not with that to Pn 27. Pyruvate in polysaccharides of R. trifolii. R. meliloti. R. radicicolum. and Pn 27 fu nctions as a major determinant in serological specificity; it also is present and confers serologi cal specificity to polysaccharides of other bacteria, including Xanthomon as species (57, 93) , Corynebacterium ins idios um (58), and a Ps eudomonas species (58) .
The various studies on Rhizob ium-legume interactions (15, 24, 36, 46) suggest the presence of at least two selective events: the first involves specific cellular recognition of receptor sites which were present in soybean (15) and white clover (36); the second involves common antigens which influence host-parasite compatibility in legume hosts and parasitic bacteria and which may provide the basis for persistent compatible relationships (24) . Also, it has been recognized that bacteroids of R. trif olii are enclosed within a membrane envelope outside their cell wall. The origin of this membrane is unclear; however, it appears to be closely related to the plasma membrane of host cells, alsike clover (Trifolium hybridum), since it binds adenyl cyclase, a membrane-bound enzyme associated mainly with the plasma membrane of the host cells (134) . The membrane envelope may possibly serve as a protective structure that effectively partitions or compartmentalizes the parasitic bacteroid.
The significance of antigenic relationships between plant hosts and pathogenic microorganisms in regard to disease susceptibility was recognized by Fedotova (49) . Using precipitin ring tests, she fo und that antibody titer using antiserum to the pathogen in reactions with saline-soluble antigens of the plant host, and strength of the reaction in the equivalence zone were directly related to the level of disease susceptibility of the host plant. Serological tests using saline extracts of seeds re flected most sharply the protein relationships and plant disease potential. Her con clusions were based on comparisons between selected varieties of crop plants differing in disease susceptibility and pathogens differing in virulence. Evaluations were made using 7 varieties of beans (species not given) vs Bacterium medicaginis (Pseudomonas phaseolicola ); 7 varieties of wheat (species not given except fo r one selection of Triticum sphaerococcum ) vs Xan thomonas translucens; 31 varieties and selections of cotton (Gossypium hirsutum and G. barbadense) vs Xan thomonas malvacearum. Apparently, serodiagnosis based on seed antigens compared with antigens of pathogenic microorganisms has been useful in the selection of disease resistant materials in plant breeding programs (50, 60) .
The serological relatedness of cotton (G. hirsutum) and X. malvacea rum also has been reported by other workers (40, 112) . American Upland cottons (G. hirsutum) differ sharply in their susceptibility to races 1 and 2 of X. malvacearum, which causes angular leaf blight. A comparison was made of the antigenicity of saline extracts of three differential varieties of cotton (Stoneville 20, Texas S-9, and Me bane Bl) and races 1 and 2 of X. malvacearum (112) . The variety Texas S-9 is susceptible to both bacterial races, whereas Stoneville 20 is susceptible to race I and resistant to race 2, and Mebane Bl is resistant to both races. Cross-reactive antigens in the various plant and bacterial preparations were visualized in agar-gel double diffusion tests using antisera of similar homologous titer (approximately 400 ) and antigen preparations adjusted to approximately 500 JLg protein/ml. In agar-gel tests, two to six precipitin bands were fo rmed between cotton antisera and bacterial antigen preparations. Compatible combinations of cotton varieties and bacterial races were reflected by the presence of two to three additional minor bands and a greater intensity of band development, in contrast to serological reactions involving incompatible combinations. These relationships also were evident in the intensity of microprecipitin reactions and antibody titers. Single-gene differences in cotton that affect varietal susceptibility to the angular leaf spot disease (75) were not apparent in agar-gel double-diffusion tests involving homologous and heterologous r�actions between preparations of plant antigens and antisera (40, 112) .
The crown gall disease of plants represents another system where a persistent and highly compatible relationship is evident between host and pathogen. In the case of sunfl ower (Helian th us annuus), stem tissue shows a strong antigenic relationship to the crown gall bacterium, Agrobac ter ium tumef p ciens (39) . The cross-reactive anti gens between sunflower and A. tumefa ciens were present in the post-l05,OOO X g supernatant of cellular extracts (39) . Preparations of antigens and antisera of sterile tissue cultures of both normal stem and gall tissues were compared in agar-gel diffusion tests with highly virulent and attenuated (avirulent) cultures of A. tumefa ciens. A marked loss in antigenicity was associated with attenuation of virulence as shown in cross-reactions with parent isolates of A. tumefa ciens. A decrease in antigenicity was also observed for the preparations of antigens from gall tissues; there were fewer and less intense precipitin bands compared with healthy tissues (39) .
Serological cross-reactions are common among plants, especially those that in volve ribosomal proteins (144) or proteins such as ribulose diphosphate carboxylase (70, 137) . Cross-reactive ribosomal antigens are also common among fungi and bacteria (5, 107, 144) ; cross-reactivity of ribosomes of chicken and mouse livers with antibodies against ribosomes of rat livers also has been reported (92) . Even among diverse organisms serological cross-reactions are not surprising, since haptenic groups involving saccharide residues in cell surfaces originate from a relatively small number of sugars (14) . Of special signifi cance. however. is the unusually characteris tic and close serological relatedness of organisms of diverse phylogenetic origin that can develop compatible host-parasite relationships. Early studies focused on the concept that tolerance of the parasite by the host increases with increasing antigenic similarity, whereas resistance of the host is characterized by an increasing disparity of antigenic determinants (40) (41) (42) 49 ). This concept is well supported in vertebrate animals (33, 41, 42 , Il l), but not in plants (23) .
The role of common antigens in plants is currently viewed as one that may involve information transfer and/or the maintenance of membrane integrity during the cell-to-cell interaction of host and parasite. The importance of common antigens between plant host and parasite would be especially evident during the infection phase' (23) . A basic cell compatibility must exist between a host and parasite in a persistent cell-to-cell relationship; otherwise a hypersensitive reaction (74) may result. After infection, a complex series of events usually takes place in plant host tissue which is triggered by the presence of foreign cells. These involve chemical and histological responses of host cells and tissues that are usually unfavorable to the further growth and establishment of potential parasites or pathogens (79, 80) .
Fungi
The possible involvement of a common antigen as a basic compatibility fa ctor was evident in a study involving cotton (G. hirsutum) and the soil-borne fu ngal patho gens V. dahliae, Fusarium oxyspor um f. sp. vasinfec tum, and F. so/ani, which infect root and hypocotyl tissues of cotton; serological comparisons also included two non pathogens of cotton, Fusarium monilifor me and Verticillium nigrescens (23) . Preparations of saline-soluble antigens and corresponding antisera fo r fo ur varieties of G. hirsutum and isolates of Fusarium and Verticillium species were compared fo r cross-reactivity in agar-gel double-diffusion and microprecipitin tests. Among the multiple precipitin bands fo rmed, a strong one was common in reactions be tween F. oxyspor um f. sp. vasinfec tum, F. so/ani, and V. dah/iae. The identical band was common between antisera to cotton varieties and preparations of antigens from F. oxyspor um f. sp. vasinfec tum, F. solani, and V. dahliae, but not with preparations of antigens fr om F. moniliforme and V. nigrescens. The antigenic substance com mon to the compatible combinations of cotton and isolates of Vertic illi um or Fusarium has been isolated and partially purified (23) . Surprisingly, both resistant and susceptible varieties of cotton shared the common antigen with a highly virulent isolate of F. oxyspor um f. sp. vasinfec tum and also with two avirulent mutants of this isolate. These results appeared to contradict the notion that common antigens underlie the compatibility of host and parasite. However, in this particular disease and in verticillium wilt of cotton, it has been shown that resistance is not expressed by the plant until after its vascular system is invaded (18, 55) and that root tissues can be parasitized without disease development. Thus, the concept relating common antigen and disease susceptibility that was proposed earlier (40--4 2, 49) should encompass the process of infection and establishment of the parasite in the host without qualification in regard to development of disease.
A similar conclusion was reached by other workers (138) who fo und that a common antigen was shared by both avirulent and virulent isolates of F. oxyspor um f. sp. vasinfec tum with disease-resistant and susceptible lines of cotton. In all cases the fu ngal isolates invaded and parasitized cortical tissues of cotton roots, but only those fu ngal isolates that caused disease became established in the vascular system. The fu ngal isolates exhibited no common antigens with non-host plants. It was concluded that the common antigen concept pertains to determinants affecting parasitism but not pathogenicity (138) . Additional evidence indicating that compati bility fa ctors in plants are not necessarily reflected in disease development was fo und in a study of the antigenic affinity between the saline-soluble proteins of the soil borne fu ngus Ophiobol us graminis and wheat (Triticum aestivum) and oat (Avena sativa) roots (1). Single precipitin bands in immunodiffusion tests were fo rmed when antisera to the wheat and oat roots were exposed to antigen preparations of both pathogenic and nonpathogenic isolates of O. graminis. It was also fo und that preparations of antigens of only one out of the ten species of fungi used for a comparison with O. graminis formed a faint precipitin band with the wheat an-tiserum, but none with oat antiserum; it was concluded that the reaction observed between the wheat and oat antisera and antigens of isolates of O. graminis is specific for this host-pathogen relationship. However, the antigenic determinants shared by the wheat and oat roots and the three isolates of O. graminis were not related to the pathogenicity of the fungi towards the two host species (1).
The results of these studies (1, 23, 138) Qualitative differences between disease-resistant and -susceptible plant varieties in having common antigens shared with potential pathogens have been observed in sweet potato rhizomes (Ipomoea batatus) and the fungus Ceratocystis fimbriata (40) . Host specialization is sharply defined among isolates of C. fimhriata. especially those isolates that cause black rot of sweet potato and bark cankers of stone fruit trees (40) . Comparisons were made of the antigenicity of two varieties of sweet potato, Golden Pride (UC 779), which is highly susceptible to black rot, and Sunnyside, which is highly resistant to black rot. Also studied were eight isolates of C. jimbriata, four of which were highly virulent in Golden Pride and avirulent in Sunnyside, and four which were nonpathogenic in sweet potatoes but highly virulent in stone fruit trees. The serotypes of the sweet potato pathogens were similar but quantitatively distinct from the stone fruit tree pathogens, which also had a distinctive serotype. The serological relationship between susceptible sweet potato rhizomes and C. jimbriata visualized in agar-gel tests was verifi ed by antibody titer differences in microprecipitin tests using cross-reactions with reciprocally absorbed antisera. The possible involvement of agglutinins in plant tissues that are resistant to C. fimbriara also has been noted (77) .
The selective pressure of common antigen relationships for population changes in pathogens under natural conditions would favor those pathogens displaying a reduced antigenic disparity with the host. Also, the selective effect of an immunolog ical environment would be most infiuential on host-parasite systems in which the parasite is in intimate contact with host cells for signifi cant periods to allow for growth or completion of its life cycle or reproductive phase.
Some evidence for this concept was obtained in a serological study of soil-borne fungi associated with the rhizosphere of wheat (62) . Saline-soluble antigens from cell walls or whole cells of rhizosphere and nonrhizosphere fungi were cross-reacted after electrophoresis with antisera ofOphiobolus graminis, a pathogen of wheat. At least one precipitin band was evident between antisera of O. graminis and antigen preparations of 27 rhizosphere fu ngi representing 4 species in the Phycomycetes, 2 species in the Ascomycetes, and 11 fungi imperfecti. Twenty-fo ur other fu ngal isolates fr om the wheat rhizosphere fa iled to give cross-reactions. Among 57 non rhizosphere fu ngal isolates tested, 52 fa iled to cross-react with O. graminis antisera. The results of this study (62) suggest that a common antigenic relationship was a possible determinant in the association of certain fungi in the wheat rhizosphere. In contrast to the saline-soluble common antigens already discussed, a strong common antigen associated with ribosomes was found in the Ustilago maydis com (Zea mays) system (143). U. maydis is a fungal pathogen that infects meristematic tissues of com (tassels, ears, young leaves) and causes galls or overgrowths. Such a relationship in its early phases of gall development represents one of the most intimate and compatible relationships known among plant hosts and pathogens. The main common antigen was fo und in the 80S ribosome fr action of cells; both the 40S and 60S subunits of ribosomes contained the common antigen. Following the fr ac tionation of ribosomal RNA and dissociation of ribosomal proteins, agar-gel diffu sion tests showed that the common antigen was in the protein fraction (143) . This relationship between a fungus and higher plant is unusual since, in previous studies (144) involving cytoplasmic ribosomes of spinach, bean, pea (Pisum sativ um), to bacco, and wheat, cross-reactive antigens in ribosomes of yeast (Saccharomyces cerevisiae) and various prokaryotic organisms such as E. coli were absent.
A study that stimulated much research in the area of common antigens was reported on the antigenic relationships between flax (Linum usitatissimum) and the rust fu ngus, Melampsora lini (43). M. lini was an obligate parasite and uredospores were increased on rust-susceptible host plants. The criticism that contamination of uredospore collections with host material might explain the cross-reactive antigens in host and pathogens (40) was later countered in a subsequent study (98) in which uredospores were all produced on Bison, a common susceptible variety of flax. In the first study (43) , the four lines of flax used were essentially alike, except that each possessed a different rust-conditioning gene developed by back-crossing on the rust-susceptible variety Bison. Antigenic comparisons were made among the flax varieties and two pairs of races of M. lini with the widest difference in pathogenicity. Preparations of antigens were made using saline extracts of germinated uredospores and plants in the prebloom stage. The serological tests consisted of tube precipitin reactions using absorbed and unabsorbed antisera. Serological relationships of fu n gal and plant materials were based on differences in antibody titers. Resistance or susceptibility to rust was reflected in the titers of rust antisera with preparations of flax antigens; susceptibility was indicated by titers of 1: 160 or 1 :320, while resistance was indicated by titers of 1 :20 to 1 :40. The results indicated that a specific antigen was present in each of the rust races and in each of the rust-differentiating lines of flax. Races of rust were pathogenic on only those lines of flax containing its specific antigen as a minor constituent. Apparently the specific antigens conferring resis tance or susceptibility in flax lines were not evident in serological cross-reactions between antigens and antisera of the flax lines.
The apparent absence of common antigenic determinants between compatible hosts and pathogens such as alfalfa (Medicago sativa) and Corynebacterium ins idi osum (22) and wheat and Pucdnia graminis tritid (64) have been reported. Methods of extraction of antigens, age of plant tissues, and the culture history of microbial cells (10, 85, 88, 141) all have a marked influence on the yield of antigenic substances and may account for the failure to detect common antigens.
Ne matodes
Nematodes (Meloidogyn e incognita ) that cause the root knot disease in soybean and cotton roots also share a common antigen with these host plants (87) . In agar-gel diffusion tests, antisera fo r eggs of M. incognita cross-reacted with preparations of antigens fr om root tips of three-day-old seedlings. Antisera for the plant roots also cross-reacted with antigens fr om larvae and eggs. In all cross-reactions, at least one precipitin band was fo rmed. In cross-reactions involving egg antisera and prepara tions of antigens from cotton, two precipitin bands were fo rmed, only one of which was shared with soybean. The common antigens were serologically similar since the precipitin bands joined completely in the gel diffusion tests.
IMMUNE SYSTEMS IN PLANTS
The belief that plants possess an immune system similar to the humoral system in vertebrate animals has been alluded to many times. The extensive literature on this subject has been evaluated in comprehensive reviews by Chester (25, 26) , and more recently by Matta (86) . There is no evidence to support the view that immunoglobu lins function or are even present in plants. There is, however, strong evidence that plants possess immune systems that are inducible and in some cases systemic and persistent; the immune systems appear to involve multiple cell types in various tissues (11, 12, 48, 104, 105, (114) (115) (116) (117) 140) .
The immunizing effects that nonpathogenic microbes or their cell components can induce in plant hosts against challenge inoculations of pathogenic microbes is best described by the term protection (86) . Plants respond to injurious agents such as insects or incompatible associations with bacteria or fungi in various ways, including the synthesis of protection fa ctors that range from the highly specific (11, 12, 48, 59, 145) to phytoalexins (7, 71, 72, 80) that are nonspecific and that may fu nction in disease resistance or in the hypersensitive reaction (74) . Included under the umbrella of protection fa ctors are enzymes and enzyme inhibitors of host origin; enzymes that lyse parasitic fu ngal cells may be induced (96) while protease inhibi tors may inactivate cell-wall-degrading enzymes of pathogenic fu ngi (6) . Wounding of leaves of potato or tomato by mechanical means or by adult Colorado potato beetles or their larvae induces a rapid accumulation of proteinase inhibitor (Inhibi tor I) throughout the plant's tissues that are exposed to air (59) . Inhibitor I, which is absent in normal tissues, is induced in crown gall tumors of tobacco by Agrobac terium tumefa ciens; however, A. tumefa ciens does not induce Inhibitor I in potato or tomato (145) .
Of major importance in protection phenom e na in plants against disease is the acquired resistance or immunity, either local or systemic, induced by viruses in hypersensitive hosts (104, 105, 114, 115, 140) . In at least one of these examples (115) , an antiviral factor (A VF) has been isolated from tobacco (Nicotiana glutinosa) infected with tobacco mosaic virus; this factor has not been detected in noninfected plants. The A VF is a nucleoprotein whose activity is associated with the RNA fraction. Ribonuclease digestion of a phenolic extract containing the antiviral factor resulted in complete loss of activity, whereas treatments with trypsin or pronase did not lessen antiviral activity. The A VF does not affect initial stages of virus infection, such as attachment to host cells or penetration, but it is active in suppressing virus activity within cells. The antiviral effect apparently was not directed toward virus particles or their components, since A VF was not virus-specifi c. It is believed to act as an antimetabolite in the biosynthesis of virus nucleic aCids or to block sites of action essential in virus multiplication. A VF is not identical with interferon, since its activity is associated with RNA rather than with proteins, and it differs from interferon in its lack of host specificity. Since Matta's review (86) , several papers have appeared concerning the induction of protective effects in plants by fu ngi or bacteria (11, 12, 48, 116, 117) . Hypocotyls of green bean cultivars (Phaseolus vulgaris) were protected against challenge inocu lations of cultivar-pathogenic races of the fungus Colletotrichum lindemuthianum by a factor that diffused into water droplets over incompatible resistance reactions (II, 12, 48). The factor in the drop diffusates protected without evidence of hyper sensitive fl ecking or other injury (48) . Phytoalexins such as phaseollin apparently were not detected in the drop diffusates (11) . Interactions of eight cultivars of cucumber, all susceptible to race I of Co lletotrichum lagenarium, were systemat ically protected against fu rther disease on new growth after disease lesions were produced on older leaves by the pathogen (81) . New leaves of protected plants after repeated inoculations of race 1 remained symptomless.
Induced resistance also was observed in alfalfa against pathogenic strains of Corynebacterium insidiosum by infiltration of leafl ets with cell suspensions of aviru lent strains of C. insidiosum or with sterile cell homogenates of avirulent strains (21) . Likewise, protection against pathogenic strains was obtained when roots of seedlings and mature plants, grown under gnotobiotic conditions, were preinocu lated with avirulent strains of C. insidiosum. The protection effect demonstrated in leafl ets and roots was localized at the site of interaction between host cells and avirulent cells of C. insidiosum.
In contrast to this localized protective effect in alfalfa, tobacco leaves develop systemic, nonspecific resistance to bacterial, fu ngal, and viral pathogens after infil tration with heat-killed cells (virulent or avirulent) of Ps eudomonas solanacearum (117) . Infiltration of tobacco leaves with heat-killed cells of P. solanacearum also delayed or prevented the hypersensitive reaction that results from the introduction of high concentrations of cells of many species and isolates of bacteria pathogenic for plants ( except tobacco) into tobacco leaves (116) . Similar protection was induced by both soluble and insoluble cell wall fractions from disrupted bacteria. The protective factor in cell walls of P. solanacearum is glycoprotein (139) . Whether or not this glycoprotein is also the protective factor in heat-killed cells that protects against compatible bacteria and lesion development is unknown (116) . The mecha nism of action of the protective factor is also unknown, but an earlier study (83) indicated that agglutinins of host origin were fo rmed in protected tissues. Suscepti-ble Bottom Special tobacco cuttings, pretreated by stem-uptake inoculation with cell suspensions of avirulent mutants of P. soianacearum, developed a protection against wilting when subsequently challenged with virulent bacteria. The onset of protection required at least 24 hours of pretreatment; the degree of protection increased up to fo ur days. Associated with protection was the fo rmation of heat-labile agglutinin which was isolated from the tobacco cuttings. The agglutinin aggregated the virulent cells of P. solanacearum and inhibited their reproduction; it was absent in water pretreated susceptible tobacco cuttings. Increased protection with time was related to increased agglutinin titer and the disappearance of the inducing avirulent mutant. A similar agglutinin was present in roots, stems, and petioles of nonpretreated plants of three disease-resistant varieties of tobacco but was not detected in the disease susceptible Bottom Special variety.
Considering the evidence for analogous immunological systems in plants and animals for defense against pathogenic organisms, it appears as though the closest analogy involves an agglutinin system in some plants that functions like the aggluti nin system in crustaceans and other invertebrate animals (3 1).
CONCLUDING REMARKS
Mimicry of antigenic determinants in animals and plants by various microbes is widespread and is important in the compatibility of animal hosts and parasites and perhaps in plant-parasite interactions. Mechanisms of action of common antigens in the parasitology of vertebrate animals appear to involve an immunological toler ance or unresponsiveness of the host which allows growth and development of the parasite. This, however, is an oversimplification of the complexity of the many variations in the involvement of common antigens in immunological interactions of animal hosts and parasites. The action of agglutinins in invertebrates as a defense mechanism against the establishment of parasites has some similarity to a develop ing picture of agglutinin action in plants in which agglutinins exert a selective force in host-parasite recognition (15, 36) and possibly in the immobilization and arrest of parasitic bacteria (83) .
A direct and active role of common antigens (CA), although speculative, is also visualized in host-parasite interactions. Information transfer systems in cell-to-cell associations involve an active exchange of metabolites including macromolecules. The uptake or transport of nucleic acids, proteins, viruses, and even bacteria into eucaryoti� cells is well demonstrated (35, 44, 103, 113, 134) . The influence of these macromolecules in fo reign cells may be immediately disruptive, involving the release of Iysomal enzymes (99, 142) and resulting in cell death, or their effects may range to the stimulation of overgrowth tissues (65) . The role thus visualized for certain common antigens is one that provides both a stabilizing infl uence between interact ing cells of different organisms and a basis for continued compatibility.
Current ideas concerning the origin of common antigens are only theoretical, but existing literature would support two hypotheses. The first is that by association of a host and parasite, there occurs a transformation of cells of host, parasite, or both, that may be genetic or epigenetic, and as a result there appears to be a convergent change in antigenicity toward that of the host in the developing population of cells of the parasite (28, 41, 42, 63, 126) .
The second hypothesis is that CA are constitutive components of the cells of both host and parasite. Selection of parasites by hosts or vice versa may be controlled to some degree by fo rtuitous homologies of their genomes: where there is a similarity fo r synthesis of critical cell components, a compatible relationship would result, whereas lack of homology would repre�s metabolic processes or trigger the fo rma tion of metabolites toxic to cells of both host and parasite. This hypothesis is supported by most of the work on common antigens-that is, where common antigen relationships have been fo und, comparisons have been made between anti genic components of uninfected (healthy) hosts and in vitro cultures of pathogens.
In retrospect, the speculations and hypotheses contained in this review leave many loose ends and indicate the many uncertainties in our knowledge about the significance of antigen sharing between host and parasites. A quotation from deDuve (37) seems appropriate:
As scientists we do not simply read the book of nature. We write it. Even the physicist has had to admit a subjective aspect to his discipline. How much more so then the biologist, who deals with a reality of such elusive complexity that only deliberate simplifi cation can cloak it with the appearance of intelligibility. Nevertheless, that is the way our science progresses. But we must accept our concepts fo r what they are, provisional approximations that are as much fictions of our minds as they are faithful depictions of facts.
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